Ar technique. Four to thirteen individual K-feldspars have been dated from seven stratigraphic levels, each of which have a very large range, up to 1660 Ma. At each level investigated, at least one K-feldspar yielded an age minimum which is, within uncertainty, identical to the age of deposition. One to twelve single muscovite crystals from each of six levels have also been studied. The range of muscovite ages is less than that of the K-feldspars and, with one exception, reveal only a 20-Ma spread in ages. As with the K-feldspars, each level investigated contains muscovites with mineral ages essentially identical to depositional ages. These results indicate that a significant portion of the material in the Bengal Fan is first-cycle detritus derived from the Himalayas. Therefore, the significant proportion of sediment deposited in the distal fan in the early to mid Miocene can be ascribed to a significant pulse of uplift and erosion in the collision zone. Moreover, these data indicate that during the entire Neogene, some portion of the Himalayan orogen was experiencing rapid erosion (< uplift). The lack of granulite facies rocks in the eastern Himalayas and Tibetan Plateau suggests that very rapid uplift must have been distributed in brief pulses in different places in the mountain belt. We suggest that the great majority of the crystals with young apparent ages have been derived from the southern slope of the Himalayas, predominantly from near the main central thrust zone. These data provide further evidence against tectonic models in which the Himalayas and Tibetan plateaus are uplifted either uniformly during the past 40 m.y. or mostly within the last 2 to 5 m.y.
INTRODUCTION
Determination of the timing and rates of vertical tectonic activities are fundamental to assessment of virtually all geophysical processes during orogeny. Although modern geodetic methods can precisely constrain recent movements in tectonically active regions, other approaches requiring geochronology, either direct or indirect, are needed to extract these important parameters from the geologic record. For example, isotopically based age studies of minerals from differing elevations can reveal apparent uplift rates (e.g., Wagner et al., 1977; Harrison et al., 1979) and, in certain cases, the age of the onset of erosion (e.g., Copeland et al., 1987a) . However, these studies are usually limited to assessment of uplift relative to the earth's surface (unroofing) and may not record the onset of unroofing due to the thermal inertia of the overburden. In contrast, the stratigraphic record preserved in the Bengal Fan has the potential for yielding information about uplift and erosion of the Himalayas that can not easily be obtained from land-based studies. One objective of the drilling of Leg 116, located at the distal end of the Bengal Fan, was to investigate the relationships between the stratigraphy and sedimentology of the fan and the tectonics of the India-Asia collision. Although the recovered core from Site 718 contains thick sections of early and mid Miocene sediment (Cochran, Stow, et al., 1989) suggesting rapid erosion in the Himalayas at about this time, sedimentation at the distal portion of the fan may not reflect tectonic activity in the source area 3000 km away but may rather be the result of redeposition of material from an older part of the fan. Our approach is to test this hypothesis as well as to determine the provenance age of these turbidites and relate this information to the tectonics of the Himalayas and southern Tibetan Plateau where substantial regional geochronology is now available (e.g., Kai, 1981; Ferrara et al., 1983; Copeland et al., 1987a, b; Maluski et al., 1988; Hubbard and Harrison, 1989) . The 40 Ar/ 39 Ar dating method (see McDougall and Harrison, 1988 ) was used to date single crystals and aggregates of detrital K-feldspar and muscovites from several stratigraphic intervals of the core recovered from Leg 116. A companion study (Corrigan and Crowley, this volume) has dated apatites from these samples by the fission-track method, with similar goals in mind.
Various models have been proposed for the tectonic evolution of the Himalayas and Tibetan Plateau (e.g., Dewey and Burke, 1973; Powell and Conagahan, 1979; Powell, 1986; Zhao and Morgan, 1987) . Our results place constraints on these models as they provide further information concerning the timing, rates, and periodicity of uplift and erosion resulting from the India-Asia collision.
ANALYTICAL METHODS
Samples used in this study are the same as those used by Corrigan and Crowley (this volume) . Individual samples were obtained by combining coarse silt and coarser material over 100-m intervals to obtain sufficient apatites for their study. Samples are referred to by site number followed by the number of meters below the sea floor at which the interval began (e.g., 718-560). The fossils used to date the stratigraphic horizons at Sites 717 and 718 were not ideal for the task (Gartner, this volume). Two problems contribute to the uncertainty of these age assignments: (1) the lack of fossiliferous beds in some intervals made extrapolation from other depths necessary, and (2) the potential occurrence of trans- ported fauna in these turbidites allows the possibility that depositional ages are overestimates. Unfortunately, the sampling method used here introduces additional uncertainty to the depositional age of any individual grain analyzed in this study as it is impossible to say from what point within the 100-m interval a grain originally came. For representing these data on our figures we have chosen to treat all grains from a particular interval as if they came from the midpoint of the interval, with an uncertainty that encompasses the uncertainties in the ages of the top and bottom of the interval; the uncertainties in the endpoints are asymmetric, so some of the midpoints do not appear in the center of the line. The midpoints and ranges of these estimates are given in Table 1 .
From the light fraction (p <2.9) of these samples, muscovite and K-feldspar were separated by standard heavy liquid and magnetic procedures. The separates were sieved to 45 to 100 mesh (335 to 59 µm) for K-feldspars and 18 to 100 mesh (1000 to 59 µm) for muscovites.
Approximately 100 mg of K-feldspar and 60 to 100 mg of muscovite were packed in tin foil and sealed in evacuated quartz tubes. Along with the unknowns, four flux monitors were placed in the tubes at 1.5-cm intervals. The flux monitor used was our intralaboratory standard, biotite Fe-mica (Govindajaru, 1978) , which has an age of 307.3 Ma. The samples were irradiated for 60 hr in the Ford Nuclear Reactor, University of Michigan. Flux gradients in individual tubes ranged from 2.0% to 2.4%. Correction factors used to account for interfering nuclear reactions were ( 37 Ar/ 39 Ar) Ca = 0.000751, { 36 AiP 7 Ai) Ca = 0.00021, and (^AT/ ATJK = 0.036. Both multigrain separates and single crystals were analyzed in this study. Ar analysis of the bulk separates was done using an automated Nuclide 4.5-60-RSS mass spectrometer and heating samples in a double vacuum resistance furnace following the procedures of Harrison and Fitz Gerald (1986) . The extraction blank in this system below 1200°C averaged ~3 × 10~1 4 moles 40 Ar during the course of these experiments. For single-crystal analysis, minerals were removed from the tin packages and individual crystals were selected under a binocular microscope. In general, the largest crystals available were selected. These crystals were then placed in a circular copper sample holder that had six 60° sectors to separate crystals from different samples. The samples were heated through a glass window using a continuous Ar laser (for another example of this technique see Dalrymple and Duffield, 1988) . Monitoring of samples during heating was done using a binocular microscope mounted slightly off axis from the laser beam. Heating times were generally 30 to 60 s. The gas was purified using a SAES 10 1/s getter operated at 0.85 A. Total system blank was ~l × 10" isotopes from these single crystals were analyzed using an automated VG 1200S mass spectrometer.
Step heating was performed on bulk separates of Kfeldspar from three levels and muscovite from five levels. Because of the ambiguous results from the bulk analysis and the clear potential for mixing of multiple populations of grains, we chose to analyze individual grains of K-feldspar and muscovite using the laser heating system from other stratigraphic levels. Sixty-eight K-feldspars from seven stratigraphic intervals and forty-nine muscovites from six stratigraphic intervals were analyzed. Eight to thirteen K-feldspars and one to twelve muscovites were analyzed from each interval. Depending on the size of the crystal, one to five steps were heated per sample. Generally, K-feldspars were heated in 2-4 steps whereas muscovites were fused in a single step (Table 3 ). In four of the levels in which single K-feldspars were analyzed and two of the levels in which single muscovites were analyzed approximately 20 mg were then fused on the Nuclide mass spectrometer to obtain a bulk average for these levels.
In all cases, uncertainties quoted for Ar isotope ages are at the one-sigma level. These uncertainties include the analytical error in the measurement as well as the uncertainty in the / factor, estimated at 1%.
RESULTS
Results of Ar isotope analysis on the step heating experiments on the multigrain K-feldspars and muscovites are given in Table 2 ; age spectra are shown in Figure 1 . Where more than one heating step was performed on the single crystals of K-feldspar and muscovite, the resultant age spectrum is shown in Figures 2-9. Ar isotope results for the single-crystal analyses and the -20-mg total fusion analyses from these same levels are given in Tables 3 and 4 , respectively.
The age spectra for the bulk K-feldspars from levels 717-0, 718-290, and 718-860 shown in Figure 1 are generally Ushaped, with the age minima and total fusion ages increasing with increasing stratigraphic age. The multigrain muscovite samples show both relatively flat and irregular age spectra. The general increase of both minimum ages and total fusion ages for both the multigrain K-feldspar and muscovite samples could be expected from a basin that has as its source an actively uplifting mountain belt. However, little tectonic information can be obtained from Figure 1 .
We think the variations in the K-feldspar age spectra for the single-crystal samples are significant and not an artifact of the heating method. The range in age spectra types seen in these samples is similar to the range of spectra from conventionally heated, multigrain samples described in the literature, albeit with considerably less resolution. These types of spectra include flat (e.g., grain 484, Fig 5; grain 401, Fig. 6 ), U-shaped or saddle-shaped (e.g., grain 411, Fig 5) , monotonically decreasing age (e.g., grain 308, Fig 4; grain 450, Fig. 7 ), monotonically increasing age (e.g., grain 321, Fig. 4 ; grain 445, Fig. 7) , and increasing age up to a "plateau" (e.g., grain 466, Fig. 7 ; grain 356, Fig. 8 ). In these samples there exists no relationship between spectral shape and age (cf. grains 321 and 445). A flat age spectrum indicates rapid cooling with no variation in the initial (or trapped) Ar composition in the crystal. Age spectra with increasing ages (either monotonically, grain 445, or rising up to a plateau, grain 466) result from either slow cooling through the closure temperature(s) of the crystal or a reheating event producing episodic loss. In some cases it may be possible to distinguish between these possibilities from the shape of the age spectra (i.e., grain 470, Fig. 7 , is suggestive of episodic loss) but in general the number of steps analyzed here does not provide sufficient resolution. 40 AT* = radiogenic argon, 39/ = argon produced by nuclear reaction on potassium.
SINGLE-CRYSTAL DATING
Age spectra with monotonically decreasing ages have been attributed to the incorporation of 40 Ar into anion vacancies in the crystals that subsequently are released earlier during the step heating procedure than are the radiogenic 40 Ar, which is held in cation sites (Harrison and McDougall, 1981; Zeitler and Fitz Gerald, 1986) . This type of behavior is seen in all of the multigrain K-feldspar samples (Fig. 1 ). Quite often, the contamination of "excess" 40 Ar is confined to the first few percent of 39 Ar released from a feldspar. Because of the inherent limitation of the laser system (see below), we were unable to limit the temperature of the initial steps to ~550°C, the temperature at which most of this contaminating Ar is often driven off. It may be, therefore, that in cases such as grain 417 (Fig. 5) , that in the first step, which makes up 27% of the 39 Ar, most of the contaminating 40 Ar is in the first 5% of 39 Ar released but that it appears to be affecting a greater part of the 39 Ar due to the low resolution of the age spectra. This phenomenon of excess 40 Ar in the early portions of gas released can be superimposed on an age spectra produced by episodic loss or slow cooling (e.g., grain 459, Fig. 7 ).
To date, the majority of single-crystal ^Ar/^Ar dating using lasers has been on volcanic rocks (e.g., Dalrymple and Duffield, 1988; LoBello et al., 1987; Deino, 1989) . In these studies it was unnecessary to produce detailed age spectra due to the simple thermal history of the rocks. This study demonstrates that single-crystal ^Ar/^Ar dating using the laser heating method can reveal the same kind of age spectra as in conventional heating of multigrain samples. The variability of these results, both in the age of the grains and the form of the age spectra, also clearly demonstrates the necessity of such a detailed investigation when trying to obtain tectonic information from sedimentary samples. Figure 10 shows the mineral age for both single and multigrain samples of K-feldspar and muscovite vs. stratigraphic age. Note the curve that represents the 1:1 relationship between the mineral and stratigraphic age. The individual K-feldspars show a very large range in apparent ages in any level, up to 1660 Ma, and in each case have at least one crystal that plots on the 1:1 curve (Fig. 10A ). The muscovite data in Figure 10B also show crystals that plot essentially on the 1:1 line but with much smaller age ranges. All but two muscovites plot on or above this line within the uncertainty on the stratigraphic age and the lσ uncertainty on the mineral age. The two muscovites that fall below this line (grains 710 and 704) have anomalously high 36 Ar/ 39 Ar values that may be due to contamination of mass 36 with hydrocarbons. This may also be the case with other samples but these are the only two for which we have objective criteria indicative of a problem.
We take the closure temperature (T c ) of the muscovites analyzed here to be -350 ± 25°C (Purdy and Jàger, 1976; Robbins, 1972) . The T c of K-feldspar has a much greater variability in nature, ranging from greater than 300 to ~150°C (Lovera et al., 1989; Foland, 1974; Harrison and McDougall, 1982) . The T c of K-feldspars can often be calculated from diffusion parameters obtained during a step heating experiment. Unfortunately this is not the case for the K-feldspars in this study, for the following reasons:
1. The single crystals were heated in a maximum of five steps, insufficient to define the Arrhenius parameters for a sample.
2. Even if the single crystals were heated in an appropriate number of steps, accurate temperature monitoring is not possible when heating with an Ar laser; therefore, not all of the Ar was extracted from some of the crystals. The temperature during heating is a function of both laser power and the light coupling characteristics of the crystal. Furthermore, as heating proceeds, internal features that couple the power within the crystals tend to anneal, making the crystal transparent to the laser. Note that Tables 2 and 4 differ from Table  3 in two respects. Table 3 reports the laser power of a heating step rather than the temperature and, when more than one step was done on a crystal, reports a "total gas age" rather than a "total fusion age." To test how much Ar was left behind, we took three crystals that apparently did not completely fuse under full laser power (5 W) and heated them in a resistance furnace at 1600°C for 10 min. The gas emitted during this procedure represented approximately 20% of the amount obtained using the laser alone. 3. The bulk separates of K-feldspar heated in the resistance furnace were heated in no less than 19 steps with accurate and precise temperature monitoring. However, the analysis of the individual crystals clearly shows an extreme heterogeneity in the populations of K-feldspars from all levels. Therefore the Arrhenius parameters calculated from these experiments have no meaning, as they result from the mixing of crystals with different diffusion behaviors. We take the T c of the K-feldspars in this study to be ~200°C. We feel this estimate is a reasonable lower bound, as rarely do these values fall below 170°C. In particular, a survey of 51 Kfeldspars from plutonic and metamorphic rocks in the eastern Himalayas and southern Tibetan Plateau revealed minimum r c 's strictly greater than 180°C and usually in the range 250 to 300°C (Copeland, 1990) . We therefore take the age minima for the individual K-feldspar crystals analyzed to record the last time at which the crystals were at a temperature of ~200°C. In addition to the problems of defining the T c 's for these crystals discussed above, there may be an additional uncertainty in this estimate. The low resolution of these age spectra (maximum five steps) may mask the true minimum age of the sample; K-feldspars often have a range in ages that correspond to the times at which various parts of the crystal closed 40 to Ar loss (Lovera et al., 1989) . That is, K-feldspars can have more than one T and the relatively small number of steps done on these single crystals may result in the mixing of Ar from different parts of the crystal, which closed at different temperature (and different times). Therefore, for most of our samples (save the ones that plot on the 1:1 line in Fig. 10) we cannot be sure an even younger age could not have been obtained if analysis of more steps were possible. The stars in Figure 10 , which represent the weighted average of the single-crystal analyses, and the squares with X's, the total fusion ages of the multigrain separates, give a generally similar trend but differ in detail (see Table 5 ). The most pronounced difference is seen in the K-feldspars from level 717-220. The total fusion age from the 25.5-mg analyzed is 54.3 Ma, whereas the weighted average of eight single crystals analyzed is 727 Ma (Table 5) . This weighted average is dominated by a single crystal (grain 139), the oldest analyzed and also one of the largest. These results indicate that, whereas analysis of a dozen crystals may be indicative of the range of ages present in any stratigraphic interval, it is unlikely to be representative of the average age in that interval. The same can be said for the muscovites, as the results from the bulk separates are older than the oldest single crystal analyzed in every case except perhaps one (Fig.  10B ). This is probably due to the fact that, when selecting single crystals for laser heating, we were biased toward the largest crystals (this was particularly so for the muscovites).
The results from the bulk analyses suggest that the smallest crystals are older. Ar released Ar. These facts may indicate that when choosing large grains more potassic feldspars are chosen, whereas the small ones (particularly the very smallest ones in the multigrain samples) may have a plagioclase component. Given that plagioclase is much more susceptible to the uptake of "excess" Ar than K-feldspar (McDougall and Harrison, 1988) , this could imply that the older, smaller grains in the bulk contain a greater plagioclase component. However, plagioclase is not revealed in the 37 Ar/ 39 Ar values for the multigrain K-feldspar samples (Table 2 ). This may be due to the high K concentration in the larger grains overwhelming the low-K, high-Ca concentration of the small grains, or to the inclusion of a major component of (older) K-feldspars as well as a subordinate component of plagioclase feldspar or, most likely, both, in the small grains. All the grains that plot on or near the 1:1 correlation line in Figure 10A have high K/Ca values, with one notable exception, grain 225, which has an age of 2.4 ± 0.7 Ma.
DISCUSSION
The results shown in Figure 10 indicate that since the early Neogene and continuing to the present there has been a component of essentially zero-age sediment in the southern, and presumably other, parts of the Bengal Fan. It should be emphasized that these minimum ages coincide with the lowest possible ages for grains in their given stratigraphic interval and not simply some lower bound that may be exceeded with more sampling. The facts that these zero-age grains were identified after a maximum of thirteen single K-feldspars and 12 muscovites were analyzed from each level suggests that this first-cycle sediment is a statistically significant, and therefore tectonically important, component of the Bengal Fan. These observations provide a stratigraphic link between the Bengal Fan and tectonic events in the source area. Redeposition of older parts of the fan may have influenced the stratigraphic thicknesses of the Bengal Fan, but is likely to have been negligible. Therefore, the significant volume of Miocene sediment in the southern part of the fan must be the result of rapid uplift and erosion in the southern Tibetan Plateau or Himalayas at this timean inference previously made from land-based studies (Copeland et al., 1987a, b) . Note that both the range and total fusion ages of the K-feldspars from a particular stratigraphic horizon are always larger than those from the muscovites from the same stratigraphic level (Fig. 10 , Table 5 ). Given that the T c of muscovite is 100° to 200°C greater than the T c of K-feldspar, this would seem somewhat counterintuitive. We infer that this apparent paradox can be explained if we now draw our attention to the rocks in the source area that probably did not experience rapid uplift immediately prior to transport and deposition in the Bengal Fan. These rocks, which are made up of many rock types, include Triassic sandstone (in the Himalayas) and Proterozoic-Archean gneisses (in the Indian shield), contain much more K-feldspar than muscovite. Just the opposite can be said for the rocks near the main central thrust (MCT) and the main boundary thrust (MBT), exposed on the southern slope of the Himalayas, which are mostly schists. The addition of moderate or even small quantities of sediment derived from these older rocks to sediment derived from the recently rapidly uplifted rocks could greatly bias the average age of the K-feldspar but barely change the average age of the muscovite. Sedimentological data, which suggest a dominant source at the Ganges Delta with a subordinate contribution from the Indian-Sri Lankan margin (Bouquillon et al. and Yokoyama et al., both this volume; Ingersoll and Suczek, 1979) , is consistent with this hypothesis. Figure 11 shows that subsequent to about 13 Ma the average age of the muscovite and K-feldspar in the southern Bengal Fan maintained constant values of about 30 and 70 Ma, respectively. Prior to this time the average ages of muscovite and K-feldspar were as high as 70 and 183 Ma. These facts suggest that it was not until about 14 to 13 Ma that the younger, schist-rich provenance became dominant.
The fact that the minerals analyzed here record the times they were last at temperatures of at least 200°C (perhaps as much as 280°C) indicates very rapid unroofing and transport rates for the zero-age sediments. We can assume that once a grain reaches the surface it is transported to the basin essentially instantaneously (< < 100 k.y.). Even with this time set to zero, very little time is available for unroofing of these minerals. The erosion rates needed to produce the observed age distribution would significantly perturb isotherms, so it is not possible to calculate a depth from the T c . However, the minimum depth of mineral closure was probably no less than 5 km. Therefore, erosion rates in excess of 5 mm/yr are indicated. This is a conservative estimate, and much higher rates may have existed over brief intervals. To maintain such rapid erosion rates, significant topographic relief must have existed. Thus these erosion rates were probably accompanied by uplift rates (relative to sea level) that were greater than or equal to 5 mm/yr, thus producing significant topographic relief on the southern margin of the Tibetan Plateau by about 18 to 15 Ma. The paucity of granulite facies rocks in the Himalayas and southern Tibetan Plateau (see indicates that the distribution of ages reported in this study could not be the result of a single locality experiencing rapid uplift and erosion over the last 20 Ma. This uplift must have been distributed throughout the orogen during the entire Neogene with a very rapid pulse of uplift occurring in one location for only a brief time. The apatite fission-track data of Corrigan and Crowley (this volume) may suggest minimum orogen-wide average erosion rates over the last 18 Ma in the range of 0.5 to 1.5 mm/yr. Fission-track ages from detrital zircons in the Siwalik sandstones of northern Pakistan and India (not a part of the drainage basin of the Bengal Fan) also suggest rapid uplift within the Himalayas over the last -20 Ma . Recently, very young (<5 Ma) hornblende, mica, and K-feldspar ^Ar/^Ar ages from near the MCT in central Nepal have been interpreted to be the result of resetting by hot fluids passing along the MCT in response to movement on the MBT . If this hot fluid flow was a pervasive feature along the MCT at 6 to 3 Ma, the very steep geotherms associated with this hydrothermal activity would suggest a total amount of unroofing on the order of 4 to 8 km, rather than as much as 13 to 15 km, the depth of the muscovite closure (assuming a 25°C/km geotherm). Therefore, uplift rates experienced by the grains with ^Ar/^Ar apparent ages essentially equal to the stratigraphic age may have been much lower, say 1 to 3 mm/yr rather than 5 to 10 mm/yr. Relating our results to uplift rates would be inappropriate if the turbidites of the Bengal Fan contain a significant component of volcanogenic material. For example, the distribution of mineral age vs. stratigraphic age off the coast of Central America may look similar to that shown here for the southern Bengal Fan, but this area has clearly not experienced sustained Tertiary uplift greater than 5 mm/yr. Fortunately, the volcanic origin of the material in the Bengal Fan can be essentially ruled out. No sanidine was observed in the Kfeldspar separates, and muscovite is a very rare product of explosive volcanism. The K-feldspar is sub-angular to rounded and commonly frosted on all surfaces. Moreover, 
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Cumulative % Ar released Figure 9 . Age spectrum diagrams for muscovites. very few Neogene volcanoes have been reported from the drainage basin of the Bengal Fan. Some mid-Miocene volcanic rocks have been reported !by Coulon et al. (1986) from one locality in the southern Tibetan Plateau, but as far as is known these are not extensive and are therefore unlikely to have contributed significantly to the Bengal Fan. Our observations are consistent with the conclusions of Ingersoll and Suczek (1979) , who found the Miocene through Pliocene turbidites of the Bengal Fan at DSDP Site 218 (approximately 1100 km northeast of ODP Site 116) to be essentially composed of sands from gneissic, sedimentary, and metasedimentary terranes of the Himalayas. In fact, of approximately 6,600 lithic grains counted, only one grain was clearly identifiable as an andesitic fragment. An authigenic origin for any of the Kfeldspars can also be ruled out based on both textural evidence and an estimate of the current temperature at the base of holes at Site 718-30° to 38°C; temperatures in shallower portions of the hole are much lower (Cochran, Stow, et al., 1989) . Whereas it is clear that there have been events that have affected the relative contribution of the various source areas of the Bengal Fan over the last 18 Ma (Fig. 11) , we infer that the relative ease with which the zero-age grains were identified (as few as four grains analyzed) indicates that a rapidly uplifting and eroding mountain range has been an important component of this provenance during this time. Moreover, given that we can identify this rapid-uplift component, it is notable that grains which do not record such a episode of rapid erosion in their ^Ar/^Ar systematics may have experienced such an episode nonetheless. For example, a gneiss that was metamorphosed to temperatures greater than 350°C in the Proterozoic and subsequently spent the Phanerozoic at temperatures of 200° to 100°C would have muscovite and Kfeldspar that today would give 40 Ar/ 39 Ar ages greater than 600 Ma. If such a sample experienced a brief pulse of rapid uplift and denudation, say from 3 km depth to the surface in less than 1 m.y., such an episode would not be detectable using the techniques in this study. It is certainly the case that for every grain which plots on the 1:1 line in Figure 10 , at least 3 km of overburden had to be shed for the 1:1 grains to record the brief pulse of uplift. The vast majority of the grains shed into the Bengal Fan from this overburden will not, however, record the pulse of erosion that they did indeed experience. Therefore, the volume of sediment in the Bengal Fan that experienced rapid uplift and denudation immediately prior to deposition inferred from Figure 10 is a minimum and, quite likely, a serious underestimate.
Although the specific source of an individual grain cannot be ascertained, available data from the source area strongly suggest some possible locations for the material that plots on the 1:1 correlation curve in Figure 10 . Results from 25 km southwest of Lhasa (Copeland et al., 1987a) and just north of Mt. Everest (Copeland et al., 1987b) suggest widespread and rapid unroofing in the early Miocene that may be responsible for the older material that plots on the 1:1 line. It cannot be unambiguously stated where the material with zero age at the time of deposition in the intermediate levels (717-720, 718-290, 718-560) came from due to lack of similar cooling ages on land that correspond to these times of deposition. However, for the material with stratigraphic age less than 9 Ma it seems clear that the source of this material was the region immediately north of the MCT (Maluski et al., 1988) or between the MCT and MBT (e.g., Hubbard and Harrison, 1989; Kai, 1981 , Maluski et al., 1988 . The MCT and MBT are the two structures that have accommodated the most convergence between India and Asia during the Neogene. Estimates of total movement on these structures range from -200 km and -100 km for the MCT and MBT, respectively (Molnar, 1984) . From available data (Curray and Moore, 1971; Moore et al., 1974; Rabinowitz et al., 1988) we estimate the volume of the post-Eocene material in the Bengal Fan to be 15 and 20 million km 3 . Such vast quantities of material produced in a relatively short time must have come from an area that experienced significant and frequent tectonic disruptions. The area adjacent to the MCT and the MBT is certainly such an area and the isotopic data presented here suggests that, since at least 9 Ma, this region has been a major source area for the Bengal Fan. The paucity of any observed cooling ages on land in the range 847.7 ± 7.9 158.7 ± 1.9 total gas age = 531.8 0.2453 0.4467 0.2879 2.4 ± 3.7 4.3 ± 2.0 2.8 ± 0.1 total gas age = 3.1 1.506 0.9079 14.7 ± 1.7 8.9 ± 3.4 total gas age = 11.7 3.105 10.94 30.1 ± 7.7 104.1 ± 1.4 total gas age = 99.5 7.687 1.392 73.7 ± 2.9 13.6 ± 1.6 total gas age = 44.4 0.5165 5.1 ± 0.5 717-520 K-feldspar (J = 0. 117.8 ± 1.3 total gas age = 75.8 75.0 ± 1.0 68.8 ± 0.8 76.1 ± 1.0 total gas age = 73.7 3.353 4.097 4.620 32.0 ± 0.6 39.1 ± 0.5 44.0 ± 0.5 total gas age = 41.6 2.266 1.957 2.976 21.7 ± 0.7 18.8 ± 0.5 28.5 ± 0.4 total gas age = 23.0 7.167 6.815 4.593 67.8 ± 0.9 64.5 ± 0.7 43.7 ± 0.6 total gas age = 56.1 3.489 3.420 33.3 ± 0.4 32.7 ± 0.5 total gas age = 32.9 718-560 K-feldspar (J = 0.005329) grain 372 141.9 ± 1.7 total gas age = 106.6 1.442
13.8 ± 0.4 0.8734 8.4 ± 1.3 1.448
13.9 ± 0.6 total gas age = 12.6 6.183 58.5 ± 0.7 2.234 21.4 ± 0.8 total gas age = 22.9 1.022 9.8 ± 0.3 3.555 33.9 ± 0.5 3.415 32.5 ± 0.6 total gas age = 33.3 6.960
65.7 ± 1.2 5.872 55.6 ± 4.1 total gas age = 61.6 4.092 38.9 ± 2.8 5.426
51.4 ± 0.7 total gas age = 48.0 40 Ar/ 39 Ar SINGLE-CRYSTAL DATING , such material is probably largely held in these grabens and is not a significant component of the Bengal Fan. A growing body of evidence indicates that the southern margin of the Tibetan Plateau was a significant topographic feature by 20 Ma and since then it has continued to be uplifted and eroded in spatially and temporally discontinuous events (e.g., Copeland et al., 1987a, b; Zeitler, 1985) . The episodic nature of the erosional events indicated by these results are consistent with the analysis of Price (1973) who pointed out that the apparent mechanical difficulties of moving entire mountain ranges at one time over large thrusts are easily overcome by many small displacements. Our data are inconsistent with models in which the Himalayas and southern Tibetan Plateau are uplifted either uniformly within the past 40 or predominantly within the past 2 to 5 m.y. (e.g., Morgan, 1985,1987; Zhao and Yuen, 1987; Powell, 1986) . The timing of the onset of the uplift and crustal thickening of other parts of the Tibetan Plateau remains uncertain. CONCLUSIONS 1. Stratigraphic thicknesses within the Bengal Fan appear to be directly related to tectonics in the source area.
2. Pulses of rapid uplift (greater than 1, perhaps as high as 10 mm/yr) have occurred in many locations in the Himalayas and southern Tibetan Plateau for brief spans of time over the last 18 m.y.
3. The southern margin of the Tibetan Plateau has been a significant topographic feature since 18 Ma. Strαtigrαphic Age (Mα) Strαtigrαphic Age (Mα) Figure 10 . Semi-log plot of 40 Ar/ 39 Ar mineral age vs. stratigraphic age: A. K-feldspars, B. Muscovites. Circles represent minimum age on age spectrum or total fusion age where only one step was preformed for single-crystal analyses. Open squares represent minimum ages on age spectra from multigrain separates. Squares with X's are total fusion ages of multigrain separates. Stars represent weighted average of single crystal analyses from one stratigraphic interval. Uncertainties on mineral age are less than size of symbols, except where shown. Uncertainties on stratigraphic age are shown only for the sample with the youngest apparent mineral age from each stratigraphic level. For ease of representation, we have chosen to treat all grains from a particular interval as if they came from the midpoint of the interval with an uncertainty that encompasses the uncertainties in the ages of the top and bottom of the interval; these uncertainties vary, so that some data appear to be plotted away from the midpoint. Figure 11 . Linear plot of total fusion ages for bulk separates vs. stratigraphic age.
